An individual B cell expresses only one functional light and one functional heavy chain on the cell surface. This process, termed allelic exclusion, arises as a consequence of the fact that the rearrangement of gene segments to assemble complete variable genes requires that only one functional VH -DHjH and one functional VL JL rearrangement occur in each B cell (1, 2) . Presumably a VH-DH JH rearrangement that places the VH and JH gene segments in the same translational reading frame (a productive rearrangement) on one chromosome precludes a subsequent Vii to DH JH rearrangement on the second heavy chain encoding chromosome. A similar mechanism seems to apply for the light chain (2).
An individual B cell expresses only one functional light and one functional heavy chain on the cell surface. This process, termed allelic exclusion, arises as a consequence of the fact that the rearrangement of gene segments to assemble complete variable genes requires that only one functional VH -DHjH and one functional VL JL rearrangement occur in each B cell (1, 2) . Presumably a VH-DH JH rearrangement that places the VH and JH gene segments in the same translational reading frame (a productive rearrangement) on one chromosome precludes a subsequent Vii to DH JH rearrangement on the second heavy chain encoding chromosome. A similar mechanism seems to apply for the light chain (2) .
We have been interested in determining whether the antigen-binding receptors of T cells also exhibit allelic exclusion at the level of DNA rearrangements . These TCRs are composed of a and S chains that have variable and constant regions. The Va region, encoded by V« and Jtx gene segments, and the Vo region, encoded by Vp, D# and Jp gene segments, also undergo rearrangement during T cell development (3) . Our earlier studies of the 0 locus and recent transgenic experiments suggest that the # chain exhibits allelic exclusion in that a functionally rearranged VD J gene on one allele excludes subsequent V,# to Dp Ja rearrangements on the second allele (4, 5) . The studies described below on the a loci of individual T cells suggest that they frequently give rise to two rearranged Va Ja transcripts, one from each homologous chromosome .
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Materials and Methods

Brief Definitive Report
The T cell lymphoma BW5147 .G.1.4 was obtained from the American Type Culture Collection, Rockville, MD. Hybridomas were generated by fusing an myelin basic protein (MBP)-reactive B10.PL helper T cell line (BML-1) with BW5147 (a gift from Dr. M. Gefter, Massachusetts Institute of Technology, Cambridge, MA) as described by Kappler et al. (6) . AKR thymoma lines were kindly provided by Dr. Mitchell Kronenberg (UCLA, Los Angeles, CA) . Splenic T cells were enriched by passing through a nylon-wool column . Double-stranded cDNA was synthesized from poly(A)* RNA derived from hybridoma 73.1 and 104.3 by the Gubler-Hoffman procedure (7) and were cloned into a Xgt10 vector. Full-length clones that hybridized with the Ca probe but not with the V~1 probe were cloned into an M13mp18 vector. Dideoxy nucleotide sequencing was carried out according to Sanger 2184 KUMAR ET AL .
BRIEF DEFINITIVE REPORT et al. (8) using a Q,,-specific primer. To confirm the V,16 .1 sequence, genomic DNA from the BW5147 line was amplified using the polymerase chain reaction (9) with primers in the leader and the 3' V region . Amplified product was directly sequenced using the same primers. High molecular weight genomic DNA (10 p.g) from liver (AKR, B10TL), thymus (day 14, 16, and adult), peripheral T cells, the thymoma BW5147, and T cell hybridoma was digested and electrophoresed on a 1% agarose gel and blotted onto nylon membranes according to standard procedure (10) .
Results
The V q 16.1 Gene Segment Is a Useful Marker for Examining DNA Rearrangements in the a Locus. The T cell line BW5147, a common T cell hybridoma fusion partner, was found to express two a transcripts: one, V«1, is functional (11) and the second, The nucleotide and CCCTCTGCCGCACCAGATAGGTCCCATCAGAACGGTTGGTGA amino acid sequence of the 
indicate uncertainty over the 121 AGAAACTGCACTTATCAACTGCAGTTATACGAATGCAGCAACTAATTATTTCCCCTGGTA exact 3'boundary of the V and
5' boundary of the J, because 181 TAAGAAGGAAGAACAGAAAGTTTTCACGCTCCTAATAGACATTCGCTCAAATGTGAACAG corresponding germltne sequen- Most TCellsAppear to Rearrange Both ct Loci. The observation that four AKR thymoma lines, 31 clonally distinct MBP-specific T cell hybridomas, the polyclonal MBPspecific BML-1 T cell line (Fig. 2 a; reference 12 ) from which the hybridomas were derived, four additional MBP-specific T cell lines B9.1, B9.4, P9.1, and P9.4, and five T cell clones (Table I) all had deleted the germline Va 16.1 while retaining the Va16.2 gene segment, suggested that both a loci had rearranged in each of these T cells and that the rearranged gene segments in these cells must lie 5' to the Vc ,16.1 gene segment (Fig. 2 a) . Southern blot analysis revealed that in all of the T cells analyzed (33 MBP-specific T cell hybridomas, several MBP-specific cloned T cell lines, and the T cell lymphoma BW5147), the Ca gene that is located between the Vc, and Jci gene clusters (13) was absent (data not shown), implying that it has also been deleted on both chromosomes encoding ct loci.
Immature thymocytes isolated from day 14-16 embryos exhibit the germline Va 16.1 gene segment, whereas thymocytes isolated from a mature mouse generally have deleted the Va 16.1 gene segment (Fig. 2 b) . However, a faint genomic and rearranged Va 16.1 band is seen upon longer exposure (6-7 d) (Fig. 2 c) . This suggests that the Va 16.1 gene segment, although a pseudogene, may be occasionally rearranged in normal thymocytes early on during T cell ontogeny.
Peripheral mature T cells also have rearranged both oftheir a chain loci. Southern blot analyses of purified splenic (85-95% Thy-l') and lymph node T cells revealed only a faint germline Va16.1 band (Fig. 2 c) . A comparison of the controls (thymocytes mixed with varying amounts of B cells [5-20%] ), with the enriched splenic T cells suggests that most (ti90%) of the Thy-1' (presumably mature) T cells have rearranged both of their a loci (Fig. 2) .
Since most T cells appear to rearrange both a loci, it is logical to ask how frequently both rearrangements are productive. Our earlier studies with Malissen et al. demonstrated that the cloned T cell A10, with specificity for ovalbumin in the context of I-Ak and alloreactivity for I-A', had two productive a transcripts (14) .
We prepared cDNA libraries from three additional cloned T cells or hybridomas ( Table 1 ) and demonstrated that all ofthem produced two a chain transcripts, one functional and the second nonfunctional .
Discussion
The K and a chain loci are similar in that both rearrange only two gene segments, V and J. About one-third of B cells rearrange both K loci (15, 16) , and apart from The a Chain Gene Rearrangements in Mature T Cells ' For these T cell lines a gene rearrangements were determined by probing DNA Southern blots and RNA Northern blots with Va 2, V a4, and Va 16 .1 probes. The presence of a chain rearrangements on both loci is based on the absence of the Va 16 .1 gene segment . Second a rearrangements in these lines have not been determined .
x cDNA and the genomic libraries were made from these T cells and Ca ' fulllength clones were sequenced by the dideoxy method . Clone A10 is from reference 14 . V a4, productive a single exception (17) , one rearrangement is productive and the second nonproductive. Another two-thirds ofB cells have one productive K rearrangement and the second K locus in the germline configuration . In contrast, our data show that both the a loci are generally rearranged in most (more than two-thirds) mature T cells . Moreover, generally two a transcripts are synthesized . In addition, in at least some instances two a chains are synthesized and may be expressed on the cell surface (14) . These observations are consistent with the secondary a rearrangement in M14T line and transgenic studies that demonstrated the rearrangement and expression ofendogenous a chain genes even in the presence of a rearranged transgene or its protein product on the cell surface (18, 19) . Two Vo ja-Ca rearrangements in a single T cell clone suggest that either the functional Va gene generally arises from the second rearrangement or a functional rearrangement does not preclude another rearrangement in the second a chain locus . Since the probability of a functional Va;Ja-Ca rearrangement is one out of three, one would expect that at least one-third of T cell clones will have their second a allele in the germline configuration . However, the presence of two a rearrangements in most mature T cells suggests that a functional rearrangement at one a locus does not prevent rearrangements at the second a locus .
Since the a locus is unique in producing V gene segment rearrangements in both alleles the question arises as to why. T cells have two distinct classes of receptors a/S and^1 16 They/b rearrangements occur before the a/S rearrangements. Recent studies suggest that y/b' T cells probably represent a distinct cell lineage (20) . An attractive possibility is that both a loci rearrange to delete both b loci. It is clear that most mature a+//3+ T cells do lack the CS gene in accordance with this postulate.
The presence of the multiple a chain transcripts in the thymoma BW5147 and other mature T cells indicates that a careful search for a functional a chain cDNA should be carried out in studies correlating the usage of a particular Va gene segment and a given antigenic determinant .
Summary
The T cell lymphoma line BW5147 has rearranged TCR a chain genes segments on both the homologous chromosomes : one is functional (Val) and the second (Va16.1) is a pseudogene. The extreme 3' position of the Va 16.1 gene segment in the Va locus allows us to recognize rearrangements ofmost Va gene segments using the Va16 probe as a marker. The absence of the genomic Va 16.1 gene fragment in mature thymocytes, antigen-specific T cells, and in more than two-thirds of the peripheral T cells suggests that most T lymphocytes rearrange both a loci. It appears that productive a chain rearrangement on one allele probably does not block a subsequent rearrangement on the other a locus .
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